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ABSTRACT 
Schultz, John J. M. s., F.astern Illinois University. May 1984. 
Sediment Oxygen Demand in Streams Receiving Sewage Effluent. 
Sediment oxygen demand is an important factor in determining 
dissolved oxygen concentrations in streams and rivers subjected to 
se•,,age effluents and other sources of organic pollution. Resuspension 
i 
of sediments during bottom-scouring after periods of heavy precipitation 
exerts an immediate and increased oxygen demand on the water and is 
expected to decrease sediment oxygen demand at t� site. 
Sediment samples were collected mont�ly from April through 
November, 198) from three small streams subjected to sources of organic 
pollution. The samples collected were arbitrarily categorized into wet 
and dry period samples based on the total precipitation between 
collection dates. Sediment oxygen demand was assessed using the batch 
respirometric method. Total SOD was partitioned into chemical and 
biological fractions. Volatile and dried solids were also determined 
to demonstrate their relationships to sediment oxygen demand. 
It was concluded that sediment oxygen demand is significantly 
increased by sewage effluent. Partitions of the sediment oxygen demand 
were approximately equal exceot at sample sites affected by sewage 
effluent where the chemical partition was drastically increased. Also 
demonstrated was the fact that SOD increased with increasing volatile 
material and that the more compact sediments showed decreased SOD's. 
Finally, no effects of combined sanitary-storm water sewer overflow or 
bottom scouring due to heavy precipitation were observed on total 
sediment oxygen demand in the streams. 
ii 
ACKNOWIEIX;EMENTS 
I wish to express my sincerest thanks to my advisor, Dr. William 
A. Weiler for his ideas, guidance, and support during this investigation, 
during the manuscript preparation, and d uring my course of graduate 
study. 
I would also like to thank the members of my graduate collllllittee, 
Dr. John E. Ebinger, Dr. Richard Funk, and Dr. Richard Smith, for their 
constructive criticism in the preparation of this manuscript, and for 
their encouragement throughout my course of study at Eastern Il.linois 
University. 
My sincerest thanks are extended to my parents for their love and 
encouragement throughout my college career. 
Finally, to my wife Maureen, are extended my sincerest thanks, for 
without her love, encouragement and understanding none of this would 
have been possible. 
TABIE 01'"' CONTENTS 
ABSTRACT. • • • • • • • • • • • • • • • • • • • • • 
ACKNOHLEix:;EMENTS. • • • • • • • • • • • • • • • • • • • • 
LIST OF TABLES. 
LIST OF FIGURES 
INTRODUCTION. 
• • • • • • • • • • • • • • • • • • • • • • 
• • • • • 
• • • • 
• • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • 
• 
MATERIALS AND METHODS • 
RESULTS AND DISCUSSION. 
• 
• • • • • 
• • • 
• • • . . 
• • • • • 
• • • • • • 
• • • • • 
CONCWSIONS • • • • • • • • • • • • • • • • • • • • • • • • 
i 
ii 
iv 
v 
1 
4 
14 
Jl 
LITER.ATURE CITED. • • • • • • • • • • • • • • • • • • • •  • JJ 
iii 
LIST OF TABLES 
Table 
1. Batch respirometric SOD bottle series. 
2. 
. . . . . . . 
. . . 
iv 
Page 
• 1 1  
Total sediment oxygen demand measurements foir each 
collection date and sampling site • • • • • • • • •  • • • • •  14 
J. Percent volatile and dried solids of monthly sediment 
samples for each sample site • • • • • • • • • • • • • • • •  28 
v 
LIST OF FIGURES 
Figure Page 
1. Area of investigation. • • • • • • • • • • • • • • • • • • 5 
2. �rtitioned SOD values for Town Branch Creek during a wet-
period . • • • . • . • . • . • . . . • • • • • • • • • • . 18 
J. Partitioned SOD values for Town Branch Creek during a dry-
period 
. . 
. • . • . . • . • • • • • • • • . • • • • . • • 20 
4. Partitioned SOD values for Cassell and Riley Creeks during 
a wet-period • • • • • • • • • • • • • • • • • • • • • • • 2J 
5. Partitioned SOD values for Cassell and Riley Creeks during 
a dry-period . • . . • . • • . . . • . • • • • • • • • 25 
INTRODUCTION 
Streams subjected to sewage effluents or other sources of organic 
pollution have at times a septic odor associated with them. This odor 
is usually more evident when the stream flow is sluggish, which results 
in the formation of stagnant pools and promotes anaerobic conditions. 
In these stagnant pools sedimentation of suspended solids occurs, creating 
a stored source of oxidizable materials, such as those in sludge deposits. 
The decomposition of these sediments begins almost immediately, and exerts 
an oxygen demand which sometimes causes drastic oxygen depletion, both 
within the sediment and the overlying water. This oxygen depletion 
greatly affects the overall physical appearance and water quality of the 
stream. 
After periods of heavy precipitation, stream volume a.nd flow are 
increased due to natural runoff and discharges from sewered areas 
(combined sewer overflows). The septic odor is no longer app:i.rent, 
probably due to dilution by the runoff. In addition, stream scouring 
may occur, depending upon the stream velocity and the amount of 
sediment accumulation. Typically, bottom-scouring carries the sediment 
away by flowing water, removes the sources causing anaerobic decomposi­
tion, and generally promotes aerobic conditions. However, these 
resuspended sediments exert a considerable oxygen demand on the water. 
This oxygen demand is termed sediment oxygen demand (SOD) and is 
defined as the removal of dissolved oxygen by bottom sediments due to 
biochemical and chemical autoxidative reactions and biological 
respiration. It is considered to be an important factor is determining 
dissolved oxygen concentrations in streams and rivers. 
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The in � and the batch methods are the two basic approaches 
employed in the determination of sediment oxygen demand. In situ 
--
sediment oxygen demand measurements are investigated in the field using 
an SOD bottom sampler (Butts, 1974; Butts & Evans, 1978; Mathis & Butts, 
1981). In this method, the SOD is-determined under quiescent conditions 
for a specified area per unit of time. Under quiescent conditions, the 
sediments exert a relatively low oxygen demand, and the method is the 
obvious choice for determining the oxygen demand; however, quiescent 
conditions are not commonly encountered in stream or river systems, 
especially after periods of heavy precipitation. In these situations, 
resuspension of sediments is common, and the SOD is relatively high. 
The batch method (Wang, 1980; Barcelona & Wang, 1982) can be applied 
to this type of situation and is used to determine the magnitude of 
the maximum oxygen demand of the sediments. 
It is known that resuspension of sediment caused by wave action, 
wind action, current, barge traffic, or dred5ing activity significantly 
affects the sediment oxygen demand. Baumgartner and Palotas (1970) 
reported that resuspension provides increased surface area of the 
sediment, which exerts an immediate oxygen demand that is ten times 
greater than that under quiescent conditions. A comparison of sediment 
oxygen demand rates made by the Illinois State Water Survey, for various 
lakes and impoundments within Illinois (Mathis & Butts, 1981), 
demonstrates that the disturbed or resuspended sediments exert a 
greater sediment oxygen demand than undisturbed sediments. 
Stream scouring is also an important mechanism of sediment 
resuspension. Edwards and Rolley (1965) reported a ten-fold increase 
in oxygen consumption during periods of scouring of river muds. The 
scouring effect provides the turbulence necessary to resuspend the 
stored oxidizable material and increase its surface area. This 
resuspension causes an immediate oxygen demand by the sediments, 
which is exerted as the sediment is carried downstream. 
Sediment oxygen demand can be partitioned into biological and 
chemical fractions (Wang, 1980). The biological SOD represents 
cellular respiration of benthic organisms, and the chemical SOD is 
due to autoxidative reactions of resident inorganic substances, such 
as iron, manganese, and sulfide. Generally speaking, in� SOD 
measurements show a greater biological partition, while tatch 
measurements which result in resuspension, show greater chemical 
pe.rtitions (Butts & Evans, 1978, 1979; Wang, 1980; Barcelona & Wang, 
1982). 
J 
The purpose of this study was four-fold: (1) to investigate the 
effect on the SOD of streams produced by sewage effluent and combined 
sanitary-storm water overflow; (2) to determine the effects of scouring 
on SOD; (J) to compare the biological and chemical SOD partitions, and 
to determine which partition, if either, significantly affects the 
sediment oxygen della.lld; and (4) to determine if there is a relationship 
between volatile solids and dried solids on sediment oxygen demand. 
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MATERIALS AND METIIODS 
Description of Streams Sampled 
Three small streams located in east-central Illinois (Coles County) 
were investigated (Figure 1). Town Branch C�eek is approximately 5.4 
kilometers in length. This creek is a tributary of Cassell Creek and 
flows in a southwesterly direction. Town Branch Creek receives the 
developed Charleston city area runoff, as well as that from eight storm 
water overflows located along the creek. During periods of heavy 
precipitation, a portion of the combined sanitary water and storm water 
flows into the creek from the overflows. 
Cassell Creek is approximately 9.7 kilometers in length and is a 
tributary of Riley Creek. Cassell Creek drains an area north of Illinois 
State Route 16 and flows in a southerly direction. The entire length of 
Cassell Creek flows through undeveloped lands currently used for 
agricultural purposes. In addition, Cassell Creek receives an average 
of three million gallons of biologically treated sewage effluent daily 
from the Charleston wastewater treatment facility. 
Riley Creek is approximately 20.9 kilometers long and is a 
tributary of Kickapoo Creek. Riley Creek drains the area north of 
Illinois State Route 16 and flows in an easterly direction for most of 
the distance between the towns of Mattoon and Charleston. Tributaries 
of Riley Creek have been reported to be polluted with high concentrations 
of copper and chromium (Durham & Whitley, 1971). High levels of 
nitrate, nitrite, and phosphate have also been reported (Horner, 1971). 
Riley Creek flows in close proximity to two landfill operations, and 
runoff from these during periods of heavy precipitation is suspected to 
enter the stream. It should be emphasized that the sample sites located 
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Figure 1. Area of investigation (U. S. Army Corps of Engineers, 1967). 
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on Riley Creek are quite a distance (approximately 9.7 km) downstream 
from these potential sources of pollution. 
Description of Sampling Sites 
A total of nine sampling sites were used on the three streams 
investigated (Figures 2, J, 4, 5). 
Four sampling sites were stationed on Town Branch Creek. Site 
#1 was apnroximately J.27 km above its junction with Cassell Creek 
along Illinois State Route 1JO on the eastern edge of Charleston. 
The upstream portion of this creek receives runoff from undeveloped 
agricultural land. Wastewaters and possible sewage effluents are 
suspected of entering the stream flow above this area. '!'he sediments 
found at this site were primarily silt and sand and rich in organic 
material, often dark in color. Site #2 was stationed approximately 
2.90 km above its junction with Cassell Creek. This site was in the 
center of Charleston and received runof� from the surrounding streets 
and parking lots. The sediments at this site were composed of sand 
and gravel and were also often dark in color. Site #J was stationed 
approximately 2.64 km above its junction with Cassell Creek. This 
site was located near a residential area and a small municipal park. 
Sediments consisted primarily of sand and fine gravel. Site #4 was 
stationed 1.51 km above its junction with Cassell Creek on the 
western edge of the Charleston city limits. The sediments at this site 
were composed of sand and gravel. 
located on the Town Branch Creek ( 
Eight storm water overflows are 
in Figures 2 and J). 
Three sampling sites were located on Cassell Creek. Site #5 was 
stationed approximately 1.53 km above its junction with Riley Creek. 
This portion of the creek receives runoff from surrounding undeveloped 
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agricultural land. The sediments at this site were composed of silt 
and fine sand. Site #6 was located directly below the sewage outfall 
of the Charleston wastewater treatment facility. The effluent is 
biologically treated by an activated sludge process. The sediments 
found at this site were composed of silt and fine sand and very dark in 
color. Sewage sludge deposits are also present on occasion. Site #7 
was stationed approximately 0.05 km above its junction with Riley Creek. 
This portion of the creek receives runoff from the surrounding 
agricultural land, most of which is used as a pasture for a small herd 
of cattle which has access to the creek. The sediments at this site 
were composed primarily of sand and gravel. 
Two sampling sites were stationed on Riley Creek. Site #8 was 
located approximately 2.41 km above its junction with Kickapoo Creek. 
This portion of the creek is surrounded by agricultural land and woodlot�. 
It receives significant soil runoff during periods of heavy precipitation, 
as evidenced by the relatively high turbidity of the water. Sediments 
at this site were composed of coarse sand and gravel. Site #9 was 
stationed approximately 2.38 km above its junction with Kickapoo Creek. 
This portion of the creek is surrounded by the same �stures, and is 
located O.J2 km below the convergence of Riley and Cassell Creeks. The 
sediments at this site were primarily sand and fine gravel, and were 
often dark in color. 
Sample Collection 
Sediment samples were taken monthly, from April through November, 
198). The samples were divided into wet-period and dry-period samples, 
based upon the amount of precipitation between collection dates. The 
samples were collected with a Ponar dredge (0.0264 m2) at areas where 
sediment deposition was evident for each sampling site. The sample 
was placed into a clean, one-liter polyethylene container, capped, 
9 
and transported to the laboratory. The containers were filled to the 
top to limit oxygen diffusion and sediment agitation. Upon arrival at 
the laboratory, the samples were stored at 4C and were tested for SOD 
as soon as possible after delivery (no longer than one week). 
Materials 
Equipment included a YSI Model .54 Dissolved Oxygen (JX)) meter 
(Yellow Springs Instrument Co., Inc.), a YSI self-stirring biochemical 
oxygen demand (BOD) probe (Series .54), and standard JOO-ml BOD bottles. 
Other 11aterials included a NAPCO Model 220 water bath, used to maintain 
a constant 2.SC temperature, Blue M Stabil Therm Constant Temperature 
Cabinet (Model OV-490A-2) to dry the sediment samples, and a Blue M Lab 
Heat Muffle Furnace (Model MI5A-1A) to volatilize the sediment samples. 
Dilution water and all reagents were prepared with water which 
had been processed by a Milli-Q (Millipore) reagent-grade water system 
(laboratory-pure water). 
General Methods 
In the laboratory, the sediment samples were agitated within their 
containers to create a homogeneous mixture of the different-sized 
p:l.rticles in the sample. Excess water within the samples was decanted, 
and a portion of each sample was placed into evaporating dishes. 
Large stones and other materials were selectively removed to avoid any 
drastic increase in sample weight. These samples were dried at 10.SC 
for 12 hours, after which the percent dry weight was determined. In 
general, the batch methods of Wang (1980) were modified for use in this 
study. 
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Forty grams (dry weight) of sediment was added to each bottle. 
Preliminary experimentation demonstrated that, for some of the sample 
sites and under certain conditions, 40 g was much too great. Oxygen 
consumption occurred rapidly and caused near oxygen depletion in a rela­
tively short period of time. The amount of sediment added to each bot-
tle was determined from sediment composition and color and by site location. 
Preliminary investigations indicated that temperature is a 
significant factor in determining sediment oxygen demand. I.ow 
temperatures (below 12C) greatly affect the SOD and inhibit important 
partitions. A temperature of 25C was selected for this study, since it 
better reflected the conditions in the streams when SOD became important. 
For each sample, a series of three BOD bottles was prepared 
(Table 1). Formalin, at a final concentration of one percent was used 
as a biological inhibitor in this study. Wang (1980) used phenol as an 
inhibitor; however, preliminary experimentation in the present study 
demonstrated a significant decrease in pH, which affects the ferrous 
iron, manganous, and sulfide oxygen demands, when phenol was used. 
Wang (1980) found no significant differences in inhibitory effects 
between formaldehyde and phenol, and selected phenol because of its 
"less offensive" nature. A modified sodium phosphate buffer (Humason, 
1967) was added to each bottle to bring the samples to a·uniform 
neutral pH (7.0 + 0.1). 
Total SOD was determined by the oxygen consumption of bottle A 
(non-zinc, non-formalin-treated). The biological SOD was determined 
by subtracting the oxygen consumption in bottle B (non-zinc, formalin­
treated) from that in bottle A. The chemical SOD (bottle B) was 
partitioned into ferrous iron plus manganous oxygen demand and sulfide 
11 
Table 1. Batch Respirometric SOD Bottle Series. 
Bottle Sediment Buff er Buffered Zinc Lab Pure 
(Homogenate) Formalin Acetate Water 
A 10-40 g 10 ml 0 ml 0 ml to JOO ml 
B 10-40 g 0 ml 10 ml 0 ml to JOO ml 
c 10-40 g 0 ml 10 ml J ml to JOO ml 
oxygen demand. The sulfide was removed by precipitation with O.OJ)M 
(final concentration) zinc acetate (Wang, 1980). The oxygen demand 
exhibited by bottle C (zinc and formalin-treated) was due to the 
ferrous iron plus manganous oxygen demand. The oxygen demand of 
bottle C was subtracted from the oxygen demand of bottle B to 
determine the sulfide oxygen demand. 
F.a.ch bottle was aerated for ten minutes at nine standard cubic 
12 
feet per hour and the amount of dissolved oxygen present (initial DO) 
was measured with a BOD probe. The bottle was then capped and returned 
to the water bath. Dissolved oxygen measurements were subsequently 
taken at 0.25, 0.50, 0.75, 1, 2, J, 7, 9, 11, and 24 hours for each 
bottle. The sediment oxygen demand was calculated on a per gram (dry 
weight) per day basis. The reported total SOD was determined from 
bottles exhibiting at least 2.0 mg/l DO uptake and a minimWll of 1.0 mg/l 
residual to prevent oxygen starvation. 
Volatile solids were determined for each sample using a modified 
Standard Methods procedure (APHA, 1979). The percent dried solids was 
determined by oven-drying approximately ten grams (wet weight) of 
sediment for 6 hours at 10.,5C. The samples were then ignited in a 
muffle furnace for 2 hours at 550C to determine the percent solids 
volati.ll.zed. 
The data were analyzed with a two-way analysis of variance 
(ANOVA) to demonstrate the significane of interactions between 
sample sites, sampling dates, and individual streams. The data were 
also analyzed with a randomized-block-design analysis of variance to 
demonstrate any significant interactions, and to increase the chance 
of detecting differences among treatment means. Correlation 
coefficients were determined for: SOD .Y!!.• percent volatile solids; 
1J 
SOD .Y!!.· percent dried solids; and percent volatile solids :!2.• percent 
dried solids. These correlation coefficients were analyzed by Student's 
t-test. 
• 
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RESULTS AND DISCUSSION 
The data for the sediment oxygen demand analyses are presented in 
Figures 2 through 5 and Tables 2 and J. 
Table 2 presents the potential total sediment oxygen demand values 
(mg 02 -1-1.g dry wt -i·day-1) measured at each of the 9 sampling sites 
for each of the sample collection dates. The total precipitation 
between sample collection dates is also presented in Table 2. 
The sediment samples were divided into wet-period and dry-period 
samples. The class was arbitrarily determined from the precipitation 
data between sample collection dates. Samples collected during months 
where the total precipitation was less than 5 inches were categorized 
as dry-period samples, and those collected during months where the 
total precipitation was 5 inches or more were categorized as wet-
period samples. The months of June, July, August, and September were 
dry periods and the months of April, May, October, and November were 
wet periods. 
The two-way ANOVA revealed no significant main effects or interactions. 
This suggests that either the arbitrary designations of "wet" and "dry" 
are invalid, that factors other than precipitation may play important 
roles in determining SOD, or that precipitation plays no role in . 
removal of oxygen demanding sediments. The randomized-block-design 
ANOVA was used to help reduce the error sums of squares and to increase 
the chance of detecting differences among treatment means. The 
analysis was designed such that the sample site locations were the 
blocks and the sample collection dates were the treatments. A 
significant difference between dates was observed at the 10% level and 
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Table 2. Total sediment oxygen demand measurements (mg 02·1-1•g dry wt-1• 
day-1) for each collection date and sampling site. 
Sampling Dates 
Months April May June July Aug. Sept. Oct. Nov. 
Total 
Rainfall 5.46 5.13 2.40 3.40 2.58 1. 72 9.35 5.16 Mean 
Sampling 
Sites 
1 0.316 7.400 0.322 0.316 48.ooo 2.229 1.287 1.222 7.637 
Town 2 0.158 o.497 0.180 1.100 5.600 2.200 0.578 0.709 1.378 
Branch 
Creek 3 0.196 o.409 0.207 0.295 o.404 0.506 o.415 o.447 0.)60 
4 0.175 0.142 0.115 0.262 0.398 0.295 o.436 0.370 0.268 
5 0.164 0.136 0.300 0.175 0.295 0.164 0.284 0.142 0.208 
Cassell 
Creek 6 8.800 0.633 1.063 o.447 19.680 4.400 0.742 1.440 4.651 
7 4.240 5.664 o.425 0.3)8 o.447 1.733 0.382 0.327 1.695 
Riley 8 0.365 0.142 0.207 0.267 0.305 0.305 0.125 0.093 0.226 
Creek 
9 0.224 0.305 0.218 0.240 0.831 0.867 0.502 0.262 o.431 
Total 14.6)8 15.328 J.037 3.440 75.960 12.699 4. 751 5.012 
Mean 1.626 1.703 O.JJ7 0.)82 8.440 1.411 0.528 0.557 
... 
\!\ 
approached signifcance at the 5% level. This suggests that there may 
indeed be differences between samples collected during dry and wet 
periods. 
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Each of the three streams investigated in this study are affected 
by different sources of pollution. During periods of heavy precipitation, 
Town Branch Creek is influenced by mixed sanitary-storm water overflow 
discharged from eight combined sewer overflow (CSO ) outfalls located 
along its length. This indicates a potential for an increase in the 
sediment oxygen demand downstream as effluent is discharged into the 
creek from each of the CSO's. The data (Table 2), however, demonstrate 
a decrease in SOD downstream, which suggests that there is no influence 
on SOD by the CSO's (at least in the study area) but that the existing 
SOD may be caused by materials discharged into the stream flow above the 
sample area. These conclusions are contradicted in the literature. 
Kreutzberger et al. (1980) reported that the source of the dissolved 
--
oxygen"impact" is sediment oxygen-demanding material and the mechanism 
by which this "impact" occurs is the scouring of sediments caused by 
submerged CSO's. 
There is tremendous variability in the data, especially during the 
month of August. The August sediment samples were collected during a 
dry period, when the stream flow and depth were drastically reduced. 
The total SOD measured for sample site #1 in August was the highest 
encountered during the entire study. This high SOD may have been caused 
by an incident which occurred above the sample site. Effluent discharged 
from industry or a sewage source heavily laden with suspended solids 
may have settled out at this site due to the drastically reduced water 
flow. This, in turn, could exert a significant oxygen demand and a 
17 
corresponding increase in SOD. 
The sediment oxygen demand for Cassell Creek is influenced by the 
treated sewage effluent discharged by the Charleston wastewater treatment 
facility. The data in Table 2 demonstrate that the discharged sewage 
effluent affects the total SOD. The sediment oxygen demand of sample 
site #5, upstream from the sewa.,se effluent outfall, was relatively low, 
whereas that measured directly below the outfall was high. These effects 
were also detected at sample site #7, which is approximately one 
kilometer downstream; the total SOD Y.alues remained relatively high. 
The data also suggest that the amount of precipitation does not signi­
ficantly affect the total SOD. 
There is much variability among the data at sample site #6, again 
particularly during the month of August. The high SOD value was caused 
by an increase in suspended solids discharged in the sewage effluent 
due to the flushing out of the chlorination channel by the wastewater 
treatment facility personnel. These sludge deposits settled at the 
sewage effluent outfall and were not carried downstream due to a 
decreased effluent discharge and low st�eam flow. 
The lower reaches of Riley Creek are also affected by the treated 
sewage effluent. The data (Table 2) show that total SOD values 
measured upstream of the convergence with Cassell.Creek (sample site #8) 
were relatively low, whereas those below this point are high. This is 
apparently caused by the influence of the sewage effluent from Cassell 
Creek. 
Figures 2 and J illustrate the average partitioned SOD values 
and ranges for each of the arbitrary divisions, wet and dry periods, 
respectively, of Town Branch Creek. The partitions indicate the 
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Figure 2. Partitioned SOD values [Mean (Range )] for Town Branch Creek 
during a wet period. 
A Sampling Site 
� Combined Sewer Overflow 
N 
t 
Total SOD 
Chemical SOD 
Biological SOD 
Total SOD 
-Chemical SOD 
Biological SOD 
0.281 (0.142-0.4)6) 
0.191 (0.055-0.)49) 
0.090 (0.087-0.097) 
Total SOD 2.556 !o.316.:.7.4ool 
Chemical SOD 2.007 0.087-6.000 
Biological SOD 0._549 0.109-1.400 
Total SOD o.486 (o.158-o.709l 
Chemical SOD 0.255 O.o65-o.)49 
Biological SOD 0.2J1 �0.093-0.)60 
0.)67 (0.196-0.447) 
0.175 (o.049-0.295) 
0.192 (0.120-0.273) 
Town Branch Creek 
0 600 
Scale in Feet 
..... 
'° 
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Figure J. Pa.rti tioned SOD values [Mean (Range TI for Town Branch Creek 
during a dry period 
• 
.A Sampling Site 
�Combined Sewer Overflow 
N 
t 
Total SOD 
Chemical SOD 
Biological SOD 
Total SOD 
Chemical SOD 
Biological SOD 
0.268 (0.115-0.398) 
0.207 (0.033-0.332) 
0.060 (0.006-0.082) 
Total SOD 12.717 (0.316-48.ooo l 
Chemical SOD 12._589 (0.153-48.000 
Biological SOD 0.128 ( O· 0.309 
Total SOD 2.270 (0.180-5.600) 
Chemical SOD 1._545 (0.098-4.240) 
Biological SOD 0.726 (0.082-1.360) 
Town Branch Creek 
0.353 (0.207-0.506) 
0.217 (0.065-0.JJB) 
0.136 (0.066-0.219) 
0 600 
Scale in Feet 
N � 
importance of chemical SOD at all sample sites. The overall chemical 
partition accounted for 8J% of the total SOD while the biological 
partition accounted for only 17% under the conditions of this study. 
These high figures are not unexpected, because of the method used; 
22 
the batch method (Wang, 1980) resuspends the sediments, and sediment 
resuspension is known to exert an increased chemical partition, 
especially if deep sediments are used (Liu, 197J as cited in Wang, 1980). 
The data in Figures 2 and J indicate that the amount of precipitation 
does not, in general, affect the total SOD. However, the amount of 
precipitation may affect the partitions. The proportion of the chemical 
partition is 10% greater during the dry than during the wet period. 
This may be due to the conditions encountered during the dry period 
such as greatly reduced stream flow and the formation of stagnant 
pools. The data of Butts and Evans (1979) suggest that chemical oxygen 
requiring reactions are likely to be dominant under anaerobic conditions. 
Therefore, sediments in stagnant pools may exert a greater chemical 
oxygen demand. 
Figures 4 and 5 illustrate the measured average partitioned SOD 
values and ranges for each of the wet and dry periods for Cassell and 
Riley Creeks. Partitions at sample sites not receiving sewage effluent 
(i.e., sample sites 5 and 8) reflect "normal" conditions. It appears 
that, during dry periods, the total SOD increases significantly due to 
increases in both partitions. Further, the magnitude of the partitions 
is reflected by the data for sample sites 6, 7, and 9. Generally, as 
the distance from the outfall increases, the total SOD and its partitions 
decrease. Precipitation 111ay have an effect on the partitions. 
Contribution of the chemical partition is far greater after periods of 
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Figure 4. Pa.rti tioned SOD values [Mean (RangeIJ for Cassell and Riley 
Creeks during a wet period 
• Sampling Site 
N 
t 
24 
Total SOD 0.182 (0.136-0.284) 
Chemical SOD 0.071 (o.05y-o.093) 
Biological SOD 0.111 (0.076-0.191) 
Sewage 
Effluent 
Outfall 
Total SOD 2.9o4 10.633-8.8ool 
Chemical SOD 2._546 O.J0.5'-8.480 
0 600 
Scale in Feet 
Biological SOD 0.358 0.320-0.458 
Town Branch 
otal SOD 2.653 10.327-5.664l 
Chemical SOD 2.121 0.076-3.936 
Biological SOD 0.552 0-1.728 
Total SOD 
Chemical SOD 
Biological SOD 
0.181 . (0.093-0.365) 
0.085 (o.o49-o.147) 
0.097 (o.o49-o.218) 
Total SOD 0.323 (0.224-0 • .502) 
Chemical SOD 0.149 (0.076-0.256) 
Biological SOD 0.175 (o.049-0.327) 
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• 
Figure 5. Partitioned SOD values [Mean (Range)] for Cassell and Riley 
Creeks during a dry period • 
.. Sampling Site 
N 
t 
0 600 
Scale iri Feet 
Total SOD 
Chemical SOD 
Biological SOD 
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0.2)4 0.1 -0-.300 
0.141 0.087-0.240) 
0.093 (0.055-0.158) 
Sewage Site 
Effluent #6 
Outfall 
Total SOD 6.J98 (00447-19.680) 
Total SOD 
Chemical SOD 
Biological SOD 
Total SOD 
Chemical SOD 
Biological SOD 
Chemical SOD 4.706 (0.371-14.880) 
Biological SOD 1.692 (0.076- 4.800) 
0.736 (0.338-1.733) 
0.4JO (0.131-0.987) 
0.306 (0.109-0.746) 
0.271 (0.207-0.305) 
0.142 (0.055-0.218) 
0.129 (0.087-0.163) 
Total SOD 0.541 (o.223-o.867 l 
Chemical SOD 0.368 (0.0)8-0.720 
Bioiogical SOD 0.172 (0.147-0.188 
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precipitation, while biological contribution, though generaliy lower 
than chemical contribution, becomes more important during periods of 
little precipitation. Finally, a comparison of sample sites 5 and 9 
provides a means to assess the stream's ability to recover from sediment 
materials in sewage effluent. Although the magnitude of tne SOD's 
and their partitions have not fully recovered within the study area, 
the decrease is evident downstream. 'iithin one kilometer of the 
�ewage effluent outfall, the SOD's decrease 90%. 
The data suppo�t the contention that sediment oxygen demand 
is significantly affected by man's influences, such as combined s�wer 
overflows and sewage effluent outfalls (Figures 4 and 5). The SOD 
values of the sample sites above these influences (sample sites 5 
and 8) are relatively low, whereas those directly below the outfalls, 
and downstream from these outfalls, are significantly higher. 
The measured ferrous iron plus manganous SOD values are greater 
than the measured sulfide SOD values at all sample sites for both 
wet and dry periods. During the wet period, the ferrous iron plus 
manganous SOD accounted for 87.J% (82.7-92.)%) of the total chemical 
SOD; the remaining 12.7% (7.7-17.3%) is due to the sulfide SOD. In 
the dry period, the ferrous iron plus manganous SOD accounted for 94.6% 
(84.4.-100.0%) of the total chemical SOD with the remaining 5.4% 
(0-15.6%) due to sulfide SOD. It is apparent from these data that the 
partitioned chemical SOD is affected by the amount of precipitation, 
but the cause of this difference is not clear. 
Physical characteristics of sediment are another important factor 
to consider in assessing sediment oxygen demand. Butts (1974) examined 
the relationships between specific physical or chemical properties of 
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Table ). Percent volatile and dried solids of monthly sediment samples 
for each sampling site. 
5'1.apling rates 
April � June July August. Septelllber October November 
Supllng %'/ol. %Drled %Vol. �Dried %Vol. %Dried %Vol. %Dried %Vol. %Dried %Vol, %Dried %Vol. %Dried %Vol. %Dried 
Site Solids Solide Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids Solids 
----
------- ---- -
6.35 63.80 2.24 63.52 2.62 61•. OI• 
Town 2 2.60 ao.11 J.67 58.72 1.78 76.78 
Branch 
Creek 3 t.55 80.10 1.17 78.20 1.02 79.JJ 
4 1.85 76.84 1.74 78.2) 0.9) 81 • .50 
5 o.41 72.89 I , )1 78.)7 1 
• .50 71.JI 
Cassell 6 
CrP.ek 
1.4) 75,26 1.84 7).61• 2.9'• 59,99 
7 2.0J 67.59 3.22 62.85 1.06 74.57 
Riley 8 
Creek 
1.48 7J.69 l.O) 81.92 0.98 72,79 
9 1.1) 77.40 t.4J 77.6) o.6J 75.91 
Total SOD �· % Volatile Solids (r= 0.45) 
Total SOD..!!!• % Dried Solids (r= -0.62) 
1.15 75.16 6.09 )6.83 2.24 
t.67 7).09 2.52 77,12 2.08 
o.87 77,44 l.10 80.19 2,27 
o.49 77.16 1.06 81.)9 o.86 
o.44 78.6) o.68 79.95 o.4o 
0.17 74.84 5.00 )2.90 1.91 
0.90 78.54 0.65 80.4) o.139 
1.09 66.41 0.65 82.22 0.58 
o. 75 77 .4) 0.60 76,81 o.68 
-- -- �- -- � 
65.63 1. 7J 7),89 2.92 70.89 
75.67 4.0J 80.27 4.79 77,18 
82.42 J 
• .56 7).72 l..50 ao.14 
81.11 1.09 80.81 1.85 75,22 
78.IO 4.43 79.10 0.50 76.51 
65.25 l.50 7). 12 J,lJ 58.05 
7).08 8.07 79.55 1.1) 8).28 
78.05 o.87 78.66 o.46 79.40 
74.52 0.00 79.140 0.62 77,97 
N 
\() 
JO 
sediments and SOD rates. He reported that there were relationships 
between percent dried solids and percent volatile solids and SOD rates. 
He used these relationships to extrapolate the probable oxygen demand 
by the sediments for various samples and locations. 
In this study, the relationships between percent volatile solids 
and percent dried solids and the measured sediment oxygen demand were 
compared to the results obtained by Butts (1974). The correlation 
coefficient (Table J) between percent dried solids and SOD was -0.62 
and that for percent volatile solids and SOD was 0.45, both of which are 
significant at the 5% level (Student's .!:,-test). These values compare 
favorbly with those of Butts (1974) on silt-clay sediments. �is 
values were -0.58 and 0.62 for the correlations of perc.ent dried 
solids .!.2• SOD and percent volatile solids .!2• SOD, respectively. 
The negative correlation indicates that as the sample becomes more com­
pact, the sediment oxygen demand is less. The relationship between the 
volatile solids and SOD would be expected since sediment oxygen demand 
increases with an increase in volatile materials (Butts, 1974). 
CONCLUSIONS 
1. In general, there were no effects of combined sanitary-
J1 
storm water sewer overflow on the sediment oxygen demand of Town Branch 
Creek. It appears that the source of the sediment oxygen demand was 
located above the sampling area and not investigated in this study. 
2. Sewage effluent significantly affected the sediment oxygen 
demand of Cassell and Riley Creeks. Sediment oxygen deIRand at sample 
sites subjected to sewage outfalls were greatly increased when compared 
to similar sample sites not subjected to sewage effluent discharge. 
). Scouring did not appear to affect sediment oxygen demand in 
this study. The amount of precipitation had no statistically observable 
influence on total sediment oxygen demand. 
4. Chemical partitions of the SOD were greater than biological 
partitions under all conditions. The amount of precipitation appeared 
to affect the p:Lrtitioned SOD; the chemical SOD was ten percent greater 
during the wet period than during the dry period. 
5. Sediment oxygen demand partitions were also affected by 
sewage effluent outfalls. The chemical partitions were greater at 
those sample sites subjected to additional oxidiza.ble materials 
discharged in the effluent. Sample sites not subjected to sewage 
effluent had approximately equal biological and chemical partitions. 
6. Volatile solids influenced the sediment oxygen demand as 
expected. The correlation coefficient (0.45) was statistically 
significant at the 5% level and demonstrates the direct relationship 
between increased volatile materials and increased SOD. 
?. Sediment oxygen demand was dependent on percent dried solids. 
A statistically significant correlation coefficient (-0.58) 
demonstrates that as the sediments became more com:i;act, the sediment 
oxygen demand decreased. 
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